The purpose of this study was to compare the cyclic fatigue resistance WaveOne Gold and WaveOne files in a reciprocating motion. Materials and methods: A total of 24 new rotary WaveOne Gold (ISO size = 25, taper = 0.07, length = 25 mm) and WaveOne files (ISO size = 25, taper = 0.08, length = 25 mm) were selected and divided into 2 groups (n = 12 each). A cyclic fatigue-testing device was fabricated with a 90-degree angle of curvature and a 5 mm radius. All instruments were reciprocated until fracture occurred. The time was taken for each instrument to fracture, and the length of the broken fragments was recorded. All the fractured files were analyzed under a scanning electron microscope to detect the mode of fracture. The Kolmogorov-Smirnov test was used to assess the normality of sample distribution, and statistical analysis was performed using the independent sample t test. Results: The time taken for the instruments of WaveOne Gold group to fail under cyclic loading was significantly longer compared with the WaveOne group (p < 0.001). Scanning electron microscopic observations showed that the instruments of all groups had undergone a ductile mode of fracture. The length of the fractured segments was between 1.5 and 5 mm, which was statistically significant among the experimental groups. Conclusion: WaveOne Gold instruments showed a significantly higher cyclic fatigue resistance compared to WaveOne in a reciprocating motion.
IntroductIon
Nickel-titanium (NiTi) alloy called nitinol was introduced in the field of endodontics and has tremendously evolved since its inception. Though there are a lot of advancements in the file design and metallurgy, instrument separation remains an endodontist´s nightmare. Fracture of rotary NiTi instruments may take place because of torsion and/or flexion.
Cyclic fatigue occurs when an instrument continues to rotate freely in a curvature. Compression and tension cycles are generated until a fracture occurs at the point of maximum flexure. 1 The cyclic fatigue life of a file is influenced by various factors including flexibility, diameter, mass, design, and the quality of manufacturing of the NiTi files. The cyclic fatigue of the file is inversely proportional to the file diameter and directly proportional to the flexibility of the instrument. 2 The principle of NiTi file motion is another factor that influences the cyclic fatigue of the file. Yared proposed a new approach using a single ProTaper F2 instrument in a reciprocating movement for cleaning and shaping, which has revolutionized the cyclic fatigue resistance of NiTi files. 3 Based on this concept, two single-file systems namely WaveOne and Reciproc were introduced.
WaveOne is a NiTi instrument that advocates the reciprocation concept. The reciprocal motion would reduce the cyclic stress by periodically reversing the rotation (170° counter-clockwise, then 50° clockwise rotation for WaveOne) of the file. Recently, WaveOne Gold has been introduced. It has the reciprocating motion of the WaveOne file with modified dimensions. The file is a parallelogram in cross-section with two cutting edges and an off-center design. The files are manufactured with a gold heat treatment procedure, which is done manually by heating the file initially and then cooling slowly. It is different from M-Wire technology which undergoes premanufacturing heat treatment. It has been proved that this new heat treatment leads to improved cyclic fatigue life.
Özyürek 4 tested the cyclic fatigue of WaveOne, Reciproc, and WaveOne Gold in a 60-degree canal curvature and observed that WaveOne Gold file system had better cyclic fatigue resistance as compared to WaveOne and Reciproc R25 file instruments. However, curvatures higher than 60 degrees are encountered in endodontic practice, and whether these instruments actually sustain the forces generated in such severe canal curvatures have not been analyzed.
There are no earlier studies comparing WaveOne and WaveOne Gold reciprocating files in a 90-degree curvature. The aim of this study was to assess the cyclic fatigue life of WaveOne Gold and WaveOne files using a dynamic model in a 90-degree canal curvature. and 12 new WaveOne (Dentsply Maillefer, Ballaigues, Switzerland) (ISO tip size = 25, taper 0.08, length = 25 mm) files were selected. Instruments were checked under an optical stereomicroscope (Zoom Stereo Binocular Microscope, Hicksville, NY, USA); with 20× magnification for any signs of deformation. Instruments with deformation were excluded from this study.
Cyclic Fatigue Testing Device
A custom fabricated dynamic model was used to test the fatigue resistance of the WaveOne Gold and WaveOne files ( Fig. 1 ). This apparatus had a main metal frame made of iron with an artificial canal system and custom-made handpiece support attached over it. The simulated root canal system consisted of two adjustable brass frames that can accommodate any instrument to its taper and exact size. It was built with a 90-degree angle of curvature. The curvature initiated at 5 mm from the tip of the canal. The whole set of platform along with the handpiece was powered by the electric motor system, reproducing the pecking motion, with 2.5 mm/minute each (forward or backward) direction. This movement took place at a speed of 1 cycle per second.
Cyclic Fatigue Test
Twenty-four samples were randomly divided into two groups each (n = 12) according to the type of instrument used.
Group I
WaveOne Gold files were used in a reciprocating motion set at WaveOne Gold setting in the X-Smart Plus motor (X-Smart Plus, Dentsply, Ballaigues, Switzerland) according to manufacturer's instructions.
Group II
WaveOne files were used in a reciprocating motion set at the WaveOne setting in the X-Smart Plus motor (X-Smart Plus, Dentsply, Ballaigues, Switzerland) according to manufacturer's instructions.
Glycerin was used as a lubricant during instrumentation. Instruments were allowed to reciprocate until they fractured. The cyclic fatigue testing was done under a dental operating microscope at 25× magnification to precisely determine the time to fracture. All the files were tested by one operator while the second operator simultaneously recorded the time using a stopwatch.
The length of the fractured fragments was measured using a digital Vernier caliper (Aerospace Digimatic Vernier Caliper, 0-150 mm).
Scanning Electron Microscopic Analysis
Five samples from each group were randomly selected. The examination of fractured surfaces of the files was done under a scanning electron microscope (FEI QUANTA 200 FEG, Hillsboro, OR, USA) at 200×-1,500× magnification to determine the characteristics and mode of fracture.
Statistical Analysis
The mean and standard deviation of the time to fracture, and the length of the fractured fragment was calculated for all the experimental groups. The Kolmogorov-Smirnov test and Shapiro-Wilk test were used to access the normality. The intergroup analysis was performed using an independent sample t test (Software SPSS VERSION 16) for both the time to fracture and the length of the fractured segment. A p value of <0.05 was considered statistically significant.
results
The mean time to fracture for WaveOne Gold and WaveOne was 268.33 seconds and 210.92 seconds, respectively. There was a statistically significant difference between the WaveOne Gold and WaveOne groups in reciprocating motion with regards to time taken to fracture ( Table 1) .
The mean length of the fractured segment of WaveOne Gold and WaveOne is 2.7033 mm and 3.6517 mm, respectively. Statistically, a significant difference was observed between the two groups pertaining to the length of the fractured fragment (Table 1 ).
Scanning Electron Microscopic Analysis Results
Scanning electron microscopic analysis of fractured surfaces of all the samples in both the groups revealed craters like formation along with numerous valleys, dimples, and microbubbles (Fig. 2) . These fracture pattern features indicate that the instrument has undergone a ductile mode of fracture, which is predominantly observed in cyclic fatigue failure.
dIscussIon
Various factors affect the cyclic fatigue of an instrument rotating in the root canal. Every rotation inside a curved canal causes an instrument to endure one complete tension-compression stress cycle. The more severe the curvature, the more stresses are concentrated on the rotary file. It has been observed that the metallurgy 5 and reciprocating motion plays a pivotal role in cyclic fatigue of file and hence paving the way for the introduction of newer endodontic files. Previous studies have shown that reciprocating motion has superior resistance to cyclic fatigue compared to the rotation motion. 6 -8 WaveOne file is a single file reciprocating system, which uses a single instrument made of M-Wire technology to clean and shape the entire canal. Elsaka et al. 9 found that the WaveOne Primary file had greater resistance to cyclic fatigue than OneShape file in a 90-degree canal curvature.
A unique thermal processing and post-machining procedure generates a new super-metal that is commercially termed as goldwire. The heat treatment effects the transformation temperatures (austenitic start and austenitic finish), and this improves the 10 compared the cyclic fatigue life of WaveOne Gold and WaveOne in a 60-degree curvature and an S-shaped double curvature respectively; they proved that WaveOne Gold has better cyclic fatigue resistance as compared to WaveOne file. Hence, WaveOne Gold and WaveOne have been chosen for our study.
Earlier studies pertaining to cyclic fatigue have been conducted in various canal curvatures like 30, 11 60, 12, 13 and 90 14 degrees. By increasing the severity of curvature, more pressure is induced in the file. The behavior of these heat-treated gold files is not studied in a severe curvature model. Hence, a 90-degree curvature was chosen for this study. In most of the studies, the center of curvature was between 5 mm and 7 mm from the tip of the instrument. In this study, a custom made artificial canal was fabricated with a 60-degree curvature with an of curvature at 5 mm from the instrument tip.
In our study, it was observed that WaveOne Gold had better cyclic fatigue resistance than WaveOne. The WaveOne Gold file performed 1.3 times better than the WaveOne file (90-degree curvature). Özyürek 6 et al. in their study found out the WaveOne Gold file had 1.4 times more cyclic fatigue resistance when compared with wave one (60° curvature). The probable reason for WaveOne Gold to have a better cyclic fatigue life in severe acute canal curvatures might be because of high A f (Austenite finish) value and a 2-stage transformation behavior. 6 Hieawy et al. 15 showed that the differential scanning calorimeter results of gold wire instruments had a 2-stage specific transformation behavior, indicating that reverse transformation of the alloy passes through the intermediated R-phase. Interestingly, the metallurgical characteristics of gold wire files had not only a 2-stage specific transformation behavior but also had high A f temperatures. In a 2-stage A-R-M transformation, due to additional heat treatment, finely dispersed Ti 3 Ni 4 precipitates are created in the austenitic matrix. The presence of these Ti 3 Ni 4 particles favors the formation of R-phase which is more resistant to cyclic fatigue. 7 On longitudinal analysis of the files, it was observed that WaveOne Gold had seven flutes and WaveOne had nine flutes. Increasing the number of flutes increases the concentration points during flexion, which might lead to increased cyclic fatigue and fracture 3. The pitch of WaveOne Gold and WaveOne files is variable over the active portion of both the files. The WaveOne Gold has a taper of 0.07 whereas the WaveOne has an apical taper of 0.08, which may provide more flexibility to the WaveOne Gold as compared to WaveOne.
The limitations of this laboratory study are that the various contributing factors for the fatigue behavior of NiTi rotary files are not considered (that is the material properties and design and dimensions of each file, which are specific to each brand tested) and cannot be completely standardized. This makes it difficult to quantify the effect of a single variable on fatigue behavior. Differential scanning calorimeter and the A f values were not calculated in the present study. Further research in this area is needed in order to consider all the parameters of fatigue testing.
conclusIon
Within the limitations of this study, WaveOne Gold rotary endodontic files were more resistant to cyclic fatigue in a dynamic reciprocating motion when compared with WaveOne files in a 90-degree canal curvature. Further studies comparing the torsional stress are needed for an evidence-based superiority of WaveOne Gold over WaveOne files.
